INTRODUCTION
The Chitwan valley is located in the southwestern plain of Central Nepal covering an area of 2218 km 2 in proximity to the high mountainous range. The valley accommodates the seventh largest city of Nepal, the Bharatpur sub-metropolitan city, Ratnanagar municipality and several villages including the Chitwan National Park (CNP). The Bharatpur sub-metropolitan city along with the Ratnanagar municipality area are developing as regional industrial, commercial, education and health service centers.
The CNP is considered to be one of the most successful testimonies of nature conservation in the South Asia. Covering a pristine area of 932 km 2 in the subtropical lowlands, the park aims to preserve a unique ecosystem with a large array of mammals, birds and vegetation species. The valley (see Figure  1 for locations and terrain structure) captures diverse topographic features consisting of Churia hills that gradually rising form 150 meters to over 800 meters, ox-bow lakes, alluvial rich flood plains and rugged low hills.
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The Chitwan valley is located in the southwestern plain of Central Nepal covering an area of 2218 km 2 in proximity to the high mountainous range. The valley accommodates the seventh largest city of Nepal, the Bharatpur sub-metropolitan city, Ratnanagar municipality and several villages including the Chitwan National Park (CNP). The Bharatpur submetropolitan city along with the Ratnanagar municipality area are developing as regional industrial, commercial, education and health service centers.
The CNP is considered to be one of the most successful testimonies of nature conservation in the South Asia. Covering a pristine area of 932 km 2 in the subtropical lowlands, the park aims to preserve a unique ecosystem with a large array of mammals, birds and vegetation species. The valley (see Figure 1 for locations and terrain structure) captures diverse topographic features consisting of Churia hills that gradually rising form 150 meters to over 800 meters, ox-bow lakes, alluvial rich flood plains and rugged low hills.
The Chitwan valley is located in the southern plane of Central Nepal in proximity to the high mountainous range in the north and vast tropical Gangetic Plain of India in the south. The valley covers an area of 2218 km 2 with more than 0.5 million of population. The valley accommodates the seventh largest city of Nepal, the Bharatpur submetropolitan city, Ratnanagar municipality, which are developing as major commercial, education and health service centers in the central south Nepal. The most important center of attraction of the Chitwan valley is the Chitwan National Park, the World Heritage Conservation Site. The park is considered to be one of the most successful testimonies of nature conservation in South Asia. Covering a pristine area of 932 km 2 in the subtropical lowlands, the park aims to preserve a unique ecosystem with a large array of mammals, birds and vegetation species. The valley captures diverse topographic features consisting of churia hills that gradually rising form 150 meters to over 800 meters, ox-bow lakes, alluvial rich flood plains and rugged low height hills (see Figure 1 ). Figure 1 : Google Earth view of Chitwan valley and its surroundings (upper) and BirdEye view of terrain structure of the study area (lower).
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Introduction
The boundary layer is the lowest portion of the atmosphere that may extend up to 1km above the surface. This particular layer of the atmosphere is very important since this is the layer where we live and breathe. Nearly all the air pollutants are discharged within the boundary layer. Thus, maintaining the necessary standard of air quality within the boundary layer is very crucial. The lowest atmosphere is far from being a simple system. Its physics include a diurnal component (typically convection during the day and stratification at night), complications due to complex terrain (surface elements such as build-ings, forests, hills and mountains) and larger weather events (replacement of air masses by prevailing winds; clouds and precipitation). Whereas the atmosphere is more than 100 km thick, weather systems, in-cluding cyclones, anticyclones, storms the layer immediately above (10-50 km altitude), the troposphere is in a permanent state of turmoil. Its ubiquitous instabilities, while challenging the fluid dynamicist, are highly beneficial to us, on two levels. First, the instabilities create weather patterns, which cause precipitation, water the crops and pro-vide a freshwater supply to us on land. Second, turbulent mixing generates dispersion and dilution of our pollutants. Within the troposphere, closest to the ground, lies the Atmospheric Bound-ary Layer (ABL). It is about 1 km thick and forms the layer where the atmo-sphere feels the contact Under most environmental conditions, temperature represents a major portion of the driving force for heat exchange between environment and animal (Hahn, 1999) . However, moisture and heat content of the air, thermal radiation, and airflow also affect the total heat exchange (Madar et al., 2006) .
However, there have been no significant studies on characteristics of meteorological flow fields and climatic comfort over the valley. In this paper we present the diurnal variation and spatial distribution of near surface wind, temperature and humidity that largely determine the state of climatic comfort over the Chitwan valley during the pre-monsoon season.
METHODOLOGY
Prevailing meteorology over the Chitwan valley has been numerically simulated with the application of the state-of-the- 
RESULTS
The spatial and temporal distribution of wind, temperature, and humidity are discussed as revealed by the numerical simulation with WRF. Although, a weeklong simulation was carried out to assess the general characteristics of meteorological fields and diurnal periodicity, we will describe the temporal variation and spatial distribution of potential climatic parameters such as wind, temperature and relative humidity over the Chitwan valley for the period of 0600 LST 14 to 0600 LST 15 May 2013 as representative day for pre-monsoon season. Figure 2 shows the representative plots of near surface wind over the Chitwan valley as predicted by WRF modeling system. Examining the series of model output for near surface wind in every 15 minutes interval, it can be said that the central area of the Chitwan valley may remain calm during the morning time (see Figure 2a-b) . During the period western part of the valley may develop a large clockwise circulation due to the northerly drainage flow at the mouth of the Narayani River and the southeasterly flow in the southwestern part of the valley. The drainage flow appears to be effective only in the northwestern part of the valley. Over the hilly area of the CNP (see Figure 1 ) the flow pattern shows northwesterly and southwesterly flow over the southern and northern slopes of the hill. The maximum wind speed may reaches up to 7.8 ms -1 , particularly, at the mouth of the Narayani River.
Near surface wind pattern
Relatively strong drainage flows also appears in the northeastern low mountain passes as well.
As the time progresses, the strength of both the clockwise circulation and the drainage flows along the Narayani River gorges significantly decrease and the divergence flow develops from around the Ratnanagar area due to the subsidence close to the 0900 LST (see Figure 2b ). The easterly divergence flow converges with the westerly flow in the western part of the valley. Likewise, the northerly and north-westerly flow converges with the westerly and southwesterly flow over the CNP hilly area making west-east convergence line along the hill ridges. Close to 1000 LST, the divergence over the Ratnanagar disappears and the westerly and the southwesterly winds begins to influence the valley floor forcing to develop southerly flow over the northern part of the valley whereas situations over the CNP hills and nearby areas more or less remains the same. Over the central areas of the valley floor, the westerly form a series of convergence line developed by localized northwesterly and southwesterly wind systems (see Figure 2c) . The flow over the valley essentially remains the same except the wind speed gradually increases that may reach up to 6.8 ms -1 in the afternoon (see Figure  2d ) and multiple convergence lines are apparent over the CNP hill. During the late afternoon, the dominant wind system over the valley appears to be the westerly and southwesterly. The low height hill of CNP appears to be effectively modifying the flow over it (see Figure 2e ). The downslope winds over the southern slope of northern mountain ranges fully develop by this time and comes down to converge with westerly wind over the northwest area from Ratnanagar and the rather strong southwesterly wind from the CNP hilly area make a northwestsoutheast convergence line. Beyond this time, the westerly and southwesterly winds detached with downslope winds in the southern slope of the northern mountain ranges and by 2100 LST (see Figure 2f ), the northeasterly downslope wind makes a wavy nature west to Ratnanagar and while converging with westerly it turns south and north. The wavy nature of the northeasterly downslope wind appears to be due to the penetration of easterly wind during the period. However, the nature of the wind over the CNP hilly areas largely remains the same except it appears to shrink from the north and the southwestern area of the hill become rather calm. Beyond this time, the northeasterly downslope wind weakens and the southeasterly wind strengthens. Very complex flow system prevails over the Chitwan valley such as formation of anticlockwise vortex over the areas just south of Ratnanagar, clockwise vortex in the southeast and in the northwest central area. The flow over the CNP hilly area still retains its basic characteristics pattern described earlier except the flow over the eastern part is rather northerly but the vortex pattern disappears when the midnight approaches.
During the midnight time (see Figure 2g ), the westerly wind is replaced by the southwesterly penetrating from the southeast, which partially contributed by the northerly downslope wind in the eastern edge. The easterly wind turns towards the westerly over the area in between Ratnanagar and CNP hilly area becomes rather calm forming a feeble anticlockwise vortex. In the early morning (see Figure 2h ), the southeasterly wind continues forming a clockwise vortex in the eastern edge of the calculation domain, anticlockwise vortex in the southern part of Ratnanagar and a strong clockwise vortex in the northwestern part of the valley. Moreover, the subsidence over the northeastern mountain area develops northeasterly wind in the areas north and northwestern to Ratnanagar. It is interesting to note that a highly localized diverging flow system of speed 6.6 ms -1 may prevails over the CNP hilly area and over the area beyond the boarder of Nepal (see Figure 0300 LST). Beyond this 0300 LST, the wind system over the Chitwan valley gradually returns into the situation similar to that described earlier for morning time. This may indicate that there is strong diurnal periodicity in the wind pattern over the Chitwan valley during the season. Figure 3 shows the spatial and temporal distribution of surface level temperature over the Chitwan valley. Like in the case of near surface wind distribution discussed above, only a sample figures are shown although the temperature distribution was calculated for every 15 minutes interval. The distribution of temperature over the valley during the morning time (see Figure 3a) shows that the central part of the valley around the Ratnanagar area appears to be the lowest within the valley floor and is about 22°C whereas the large area of the lowland valley floor surrounding the Ratnanagar area holds the temperature of about 24°C. The outskirts of the valley captures rather warm environment where the temperature may reach up to 29°C, particularly, in the northern and northwestern outskirts. Over the CNP hilly area, it is about 26°C. The minimum temperature of about 18°C appears over the northeastern mountaintops.
Surface temperature distribution
After sunrise, the temperature distribution over the valley floor quickly changes. Reaching the late morning (see Figure 3b) , the valley the whole valley floor and lowland areas gains temperature of about 30°C except a small area in the central part of the valley where the temperature is about 28°C. By 0900 LST, the temperature over the central area of the valley tends to equilibrate the temperature over the outskirts of the valley. The temperature over the northeastern mountainous area tends to be around 22°C. However, the temperature over the CNP hilly area appears to be one to two degree less than over the valley area. Interestingly, small areas at eastern mouth of the valley and southwestern outskirt appear to possess relatively higher temperature than the central valley area. 64 Close to the noontime (see Figure 3c) , the whole valley area possesses the temperature of about 35 to 36°C whereas the outskirts of the valley and the CNP hilly areas possess 28 to 30°C. The lowest temperature over the calculation domain appears to be about 22°C on the top of the northeastern mountains. The situation remains more or less the same until the late afternoon (see Figure 3d ) with minor changes. However, beyond 1600 LST, significant decrease in temperature can be seen over the whole valley floor except the area around Ratnanagar and south to it where the temperature may remain as much as 35°C (see Figure 3e ). In the evening, the valley floor temperature becomes about 28°C (see Figure 3f) whereas the temperature over the outskirts remains higher than 32°C.
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temperature of about 26 to 27°C (see Figure  1800 LST). The southeastern area to the Ratnanagar appears to be relatively warmer with temperature of about 28°C.
In the evening, the overall temperature decreases. The valley floor temperature becomes about 29°C (see Figure 2100LST ). Close to the midnight (see Figure 0000LST) , the lowest central part of the valley and the CNP hilly area attends the temperature of about 25 to 26°C whereas the outskirts possesses the temperature of about 28°C. Over the northeastern mountaintop area attains 17°C. In the early morning (see Figure  0300LST ), western and southern valley area's temperature becomes close to 26°C whereas the over the outskirts of the valley it is around 28°C. The distribution of the temperature over the Chitwan valley gradually returns to the same situation describe earlier in the morning reflecting the diurnal periodicity. The temperature in the outskirts of the valley is relatively higher compared to the central area except for the afternoon time. Figure 1500 LST) with minor changes. However, beyond 1600 LST, significant decrease in temperature can be seen over the valley area and attends the temperature of about 26 to 27°C (see Figure  1800 LST). The southeastern area to the Ratnanagar appears to be relatively warmer with temperature of about 28°C.
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Surface humidity distribution
Examining the calculated distribution of humidity over the valley for every 15 minutes, it can be said that during the morning time just before the sunrise, the relative humidity over the central valley remains to be around 75% that decreases to about 60% while reaching the outskirts of the valley. The outskirts of the valley, particularly, the northeastern part appears to possess rather low humidity and is about 40% (see Figure 4a ). Over the CNP hilly and northeastern mountainous areas it varies from 50 to 55%.
After sunrise, the humidity over the outskirts of the valley and over the CNP hilly area noticeably increased whereas the level of humidity over the central valley area decreases. In the late morning the level of humidity over the valley as well as over the northern and northeastern outskirts appears to be 50% whereas over the central and limited area of CNP as well as over the northeastern mountainous area it is about 55%. The minimum level of humidity appears over the eastern edge of the valley where it is less then 45% (see Figure 4b ).
Close to the noontime (see Figure 4c) , the humidity over the valley floor reduces to 40%. The level of humidity during the Figure 4 show the sample plots of spatial distribution of relative humidity for every three hours over the Chitwan valley.
Close to the noontime (see Figure 4c) , the humidity over the valley floor reduces to 40%. The level of humidity during the Figure 4 show the sample plots of spatial distribution of relative humidity for every The southern part of the valley close to the northern slope of CNP hilly area, the temperature appears to be more than 33C. Close to the midnight (see Figure 2g) , the lowest central part of the valley and the CNP hilly area attends the temperature of about 26C whereas the outskirts possesses the temperature more than 29C. Over the northeastern mountaintop area attains 17C.
In the early morning (see Figure 3h ), western and southern valley area's temperature becomes close to 24C whereas the over the outskirts of the valley it is around 28C. The distribution of the temperature over the Chitwan valley gradually returns to the same situation for morning time describe earlier.
Examining the series of spatial and temporal distribution for two days, it can be said that the Chitwan valley executes a diurnal periodicity for temperature during the season. One of the interesting aspects of temperature that the outskirts of the valley lose to the mountain possessed rather higher temperature compared to the central area of the valley.
3.3
Surface humidity distribution Figure 4 show the sample plots of spatial distribution of relative humidity for every three hours over the Chitwan valley. Examining the distribution of humidity over the valley for every 15 minutes, it can be said that during the morning time just before the sunrise, the relative humidity over the central valley remains to be around 75% that gradually decreases to about 60% while reaching the outskirts of the valley. The outskirts of the valley, particularly, the northeastern part appears to possess rather low humidity and is about 40% (see Figure 4a ). Over the CNP hilly and northeastern mountainous areas it varies from 50 to 55%.
After sunrise, the humidity over the outskirts of the valley and over the CNP hilly area noticeably increased whereas the level of humidity over the central valley area decreases. In the late morning the level of humidity over the valley as well as over the northern and northeastern outskirts appears to be 50% whereas over the central and limited area of CNP as well as over the northeastern mountainous area it is about 55%. The minimum level of humidity appears over the eastern edge of the valley where it is less then 45% (see Figure 4b ). The southern part of the valley close to the northern slope of CNP hilly area, the temperature appears to be more than 33°C. Close to the midnight (see Figure 2g ), the lowest central part of the valley and the CNP hilly area attends the temperature of about 26°C whereas the outskirts possesses the temperature more than 29°C. Over the northeastern mountaintop area attains 17°C.
In the early morning (see Figure 3h ), western and southern valley area's temperature becomes close to 24°C whereas the over the outskirts of the valley it is around 28°C. The distribution of the temperature over the Chitwan valley gradually returns to the same situation for morning time describe earlier.
Examining the series of spatial and temporal distribution for two days, it can be said that the Chitwan valley executes a diurnal periodicity for temperature during the season. One of the interesting aspects of temperature that the outskirts of the valley lose to the mountain possessed rather higher temperature compared to the central area of the valley. Figure 4 show the sample plots of spatial distribution of relative humidity for every three hours over the Chitwan valley. Examining the distribution of humidity over the valley for every 15 minutes, it can be said that during the morning time just before the sunrise, the relative humidity over the central valley remains to be around 75% that gradually decreases to about 60% while reaching the outskirts of the valley. The outskirts of the valley, particularly, the northeastern part appears to possess rather low humidity and is about 40% (see Figure 4a ). Over the CNP hilly and northeastern mountainous areas it varies from 50 to 55%.
Surface humidity distribution
After sunrise, the humidity over the outskirts of the valley and over the CNP hilly area noticeably increased whereas the level of humidity over the central valley area decreases. In the late morning the level of humidity over the valley as well as over the northern and northeastern outskirts appears to be 66 50% whereas over the central and limited area of CNP as well as over the northeastern mountainous area it is about 55%. The minimum level of humidity appears over the eastern edge of the valley where it is less then 45% (see Figure 4b ).
Close to the noontime (see Figure 4c) , the humidity over the valley floor reduces to 40%. The level of humidity during the period over the southern area of Ratnanagar appears to be around 35%. Over the northeastern mountainous area it is about 60 to 65%. Over the CNP hilly area and over the southeastern area it is about 50%. In the afternoon (see Figure  4d) , the valley floor except the CNP hilly area and in the northwest outskirts of the valley it is about 35%. However, the northeastern outskirts, the humidity appears to be only about 25%.
Close to the noontime (see Figure 4c) , the humidity over the valley floor reduces to 40%. The level of humidity during the period over the southern area of Ratnanagar appears to be around 35%.
Over the northeastern mountainous area it is about 60 to 65%. Over the CNP hilly area and over the southeastern area it is about 50%. In the afternoon (see Figure  4d) , the valley floor except the CNP hilly area and in the northwest outskirts of the valley it is about 35%. However, the northeastern outskirts, the humidity appears to be only about 25%. of the valley quickly gains humidity and it may reach to about 60 to 65%. The distributions of humidity over the northeastern mountainous area may reach more than 70% until the midnight (see Figure 4g ).
In the early morning, a narrow strip of high humidity area extending from west and up to central area holds the humidity of about 70 to 75% and the area just north to this high humidity narrow strip, the humidity that ranges from 60 to 65% (see Figure 4h) whereas the northern slope of the CNP hill and the northeastern, northern and eastern outskirts of the valley it is only about 50% during the same period. As the morning progresses, the distribution of humidity over the valley floor gradually return to the same situation described earlier for morning time. Like the wind and temperature, the relative humidity distribution also shows diurnal periodicity over the Chitwan valley.
The simulated temporal and spatial distribution of relative humidity reveals that the outskirts of the valley generally captures as much as 20% less humidity compared to the central area of the valley except during the afternoon time. It can also seen that there is inverse relationship in the distribution of relative humidity and temperature. humidity over the valley floor reduces to 40%. The level of humidity during the period over the southern area of Ratnanagar appears to be around 35%. Over the northeastern mountainous area it is about 60 to 65%. Over the CNP hilly area and over the southeastern area it is about 50%. In the afternoon (see Figure  4d) , the valley floor except the CNP hilly area and in the northwest outskirts of the valley it is about 35%. However, the northeastern outskirts, the humidity appears to be only about 25%. be around 35%. ountainous area it ver the CNP hilly eastern area it is rnoon (see Figure  ept the CNP hilly st outskirts of the wever close to the , the humidity ut 25%. However, and northeastern y vary from 50 to rnoon (see Figure  tends to increase low humidity area time, the level of y floor becomes s over the central, part of the valley elative humidity of rea of CNP gains y this time. In the the low land area ns humidity and it 60 to 65%. The idity over the s area may reach he midnight (see arrow strip of high from west and up humidity of about just north to this , the humidity that (see Figure 4h ) pe of the CNP hill rthern and eastern is only about 50% . As the morning ution of humidity ually return to the ibed earlier for In the early morning, a narrow strip of high humidity area extending from west and up to central area holds the humidity of about 70 to 75% and the area just north to this high humidity narrow strip, the humidity that ranges from 60 to 65% (see Figure 4h ) whereas the northern slope of the CNP hill and the northeastern, northern and eastern outskirts of the valley it is only about 50% during the same period. As the morning progresses, the distribution of humidity over the valley floor gradually return to the same situation described earlier for morning time. Like the wind and temperature, the relative humidity distribution also shows diurnal periodicity over the Chitwan valley.
The simulated temporal and spatial distribution of relative humidity reveals that the outskirts of the valley generally captures as much as 20% less humidity compared to the central area of the valley except during the afternoon time. It can also seen that there is inverse relationship in the distribution of relative humidity and temperature. However, over the northwestern and northeastern mountainous areas it may vary from 50 to 60%. During the late afternoon (see Figure 4e ), the level of humidity tends to increase from west pushing the low humidity area towards the east. By this time, the level of humidity over the valley floor becomes more than 45% whereas over the central, particularly, the western part of the valley floor still possesses the relative humidity of bout 35%. The hilltop area of CNP gains humidity to about 60% by this time. In the evening (see Figure 4f) , the low land area of the valley quickly gains humidity and it may reach to about 60 to 65%. The humidity over the northeastern mountain may reach more than 70% until the midnight (see Figure 4g ).
In the early morning, a narrow strip of high humidity area extending from west and up to central area holds the humidity of about 70 to 75% and the area just north to this high humidity narrow strip, the humidity that ranges from 60 to 65% (see Figure 4h ) whereas the northern slope of the CNP hill and the northeastern, northern and eastern outskirts of the valley it is only about 50% during the same period. As the morning progresses, the distribution of humidity over the valley floor gradually return to the same situation described earlier for morning time.
Like the wind and temperature, the relative humidity distribution also shows diurnal periodicity over the Chitwan valley.
The simulated temporal and spatial distribution of relative humidity reveals that the outskirts of the valley generally captures as much as 20% less humidity compared to the central area of the valley except during the afternoon time. It can also be seen that there is inverse relationship in the distribution of relative humidity and temperature.
Conclusion
Climatic comfort and adaptation is one of the important public issues that are yet to be address properly despite its high correlations with human and animal health and wellbeing. Present study has attempted to assess the spatial and temporal distribution of potential climatic parameters such as temperature, humidity and wind over the Chitwan valley with the application of Weather Research and Forecasting Modeling System during the However, over the northwestern and northeastern mountainous areas it may vary from 50 to 60%. During the late afternoon (see Figure 4e) , the level of humidity tends to increase from west pushing the low humidity area towards the east. By this time, the level of humidity over the valley floor becomes more than 45% whereas over the central, particularly, the western part of the valley floor still possesses the relative humidity of bout 35%. The hilltop area of CNP gains humidity to about 60% by this time. In the evening (see Figure 4f) , the low land area of the valley quickly gains humidity and it may reach to about 60 to 65%. The humidity over the northeastern mountain may reach more than 70% until the midnight (see Figure 4g ).
In the early morning, a narrow strip of high humidity area extending from west and up to central area holds the humidity of about 70 to 75% and the area just north to this high humidity narrow strip, the humidity that ranges from 60 to 65% (see Figure  4h ) whereas the northern slope of the CNP hill and the northeastern, northern and eastern outskirts of the valley it is only about 50% during the same period. As the morning progresses, the distribution of humidity over the valley floor gradually return to the same situation described earlier for morning time. Like the wind and temperature, the relative humidity distribution also shows diurnal periodicity over the Chitwan valley.
CONCLUSION
Climatic comfort and adaptation is one of the important public issues that are yet to be address properly despite its high correlations with human and animal health and wellbeing. Present study has attempted to assess the spatial and temporal distribution of 68 potential climatic parameters such as temperature, humidity and wind over the Chitwan valley with the application of Weather Research and Forecasting Modeling System during the pre-monsoon time. The study reveals that pre-monsoon time environment of the valley is highly uncomfortable and needs to be address to improved health and comfort for human and protected animals. A more detail and yearlong studies complemented with field observation is desired for better understanding of the issue and to develop necessary adaptation policies.
